The use of hydraulic geometry and other geomorphic indices has been recommended for habitat restoration and creation of estuarine tidal channels. Although such an approach provides design guidance for tidal channel form, it does not provide guidance for the ecological consequences of channel form. This study investigates the potential linkage of the scaling of tidal channel form with ecological patterns and processes in estuarine tidal channels of the lower Chehalis River, Washington, U.S.A. Ebb tide surface velocity was related to channel size, as was exit time and export probability of tiny drogues, which mimic floating allochthonous detritus. Consequently, the amount of organic material in channel sediments scaled negatively with channel size as did the abundance of benthic surface deposit feeders. These observations suggest that the highest concentrations of fish feeding in estuarine tidal channels may be in smaller channels or in the smaller and more distal portions of large channels. Scaling of ecological patterns and processes with tidal channel size may be an example of a more general ecological scaling with landscape form, i.e., landscape allometry.
Introduction
Scale is a fundamental issue for ecological theory (Levin 1992; Levin and Pacala 1997) . Many approaches to this issue search directly for scaling patterns in biological phenomena (Russell et al. 1992; Peterson et al. 1998; Underwood and Chapman 1998) . However, an alternate approach is to begin with the well-established scaling of geomorphological structure (Horton 1945; Church and Mark 1980; Rodriguez-Iturbe and Rinaldo 1997) and assume a linkage between landscape form and landscape ecology. Thus, the question motivating this paper is whether a foundation of geomorphic scaling is overlain by a parallel and consequent ecological scaling. To focus on landscape geometry, I ignore stochastic disturbances and biological processes such as predation, competition, and disease, which may potentially dampen the influence of landscape form on ecosystems.
I use the term "landscape allometry" to refer to a hypothesized parallel scaling between landscape form and landscape ecology. "Allometry" has traditionally referred to size-related patterns in organismal anatomy, physiology, and ecophysiology (e.g., Schmidt-Nielsen 1984) . However, geomorphologists have used this term in describing landforms (Woldenberg 1966; Bull 1975; Church and Mark 1980) , and it may be useful to expand the traditional usage of the term to describe landscape-scale ecological patterns and processes. A system is allometric when the relative rate of change of one part of a system (y) is proportional to the relative rate of change of another part of the system (x), or of the whole system, i.e., where b is a proportionality constant (Woldenberg 1966) . Multiplying by dt and integrating produces a power function, y = ax b . Allometric models of geomorphology are related to fractal ones. Landforms are self-affine fractals, i.e., form is "stretched" depending on scale (Ouchi and Matsushita 1992; RodriguezIturbe and Rinaldo 1997) , which is fractal terminology for allometry (Mandelbrot 1983) . Allometry and fractal geometry differ in perspective: fractal geometry focuses on how measured quantities vary as a power of measurement scale (Milne 1991) , whereas allometry focuses on proportional relative rates of change between two measured quantities in a system, e.g., landscape form and organismal abundance.
In spite of the long history of allometric and fractal analyses of landforms, there have been few attempts to investigate the ecological consequences of geomorphic scaling. This paper explores the potential parallel scaling of ecological patterns with landform in a system of estuarine sloughs (oligohaline tidal channels) that dissect the floodplain of the lower Chehalis River near the Pacific coast of Washington (Fig. 1 ). These sloughs exhibit allometric form: slough length, outlet width, outlet depth, surface area, and perimeter are all highly correlated (r 2 > 0.90 ; Hood 2002) . This allometry derives from tidal channel hydraulic geometry, i.e., the scaling of channel cross-sectional area, depth, and width with tidal prism (the volume of water in a channel between mean higher high water and mean lower low water) (Myrick and Leopold 1963; Friedrichs 1995; Zeff 1999) . Tidal flows shape the geometry of every possible slough cross-section, and thus, the geometry of the whole slough.
Several authors have recommended that the natural hydraulic geometry of tidal channels be used as design guidelines for tidal wetland restoration (Coats et al. 1995; Zeff 1999; Hood 2002) . However, these design guidelines deal only with physical form. The possible scaling of ecological patterns and processes with tidal channel hydraulic geometry has never been investigated. Thus, there is no linkage between restoration guidelines for tidal channel form and ecological restoration goals.
To determine whether there is a parallel scaling of ecological patterns and processes with slough geometry, this study investigates the relations between slough size and the following variables: slough surface current ebb velocities, exit time and probability of export of allochthonous detritus floating on the slough surface, organic matter accumulation in slough bed sediments, and the composition of slough benthic communities. Allochthonous detritus was investigated because of interest in terrestrial subsidies to the diets of juvenile coho and chinook salmon (Oncorhynchus kisutch Walbaum and O. tshawytscha Walbaum), which occupy the sloughs during their oceanward migration (Miller and Simenstad 1997) .
Methods

Study site description
The oligohaline tidal sloughs of the lower Chehalis River dissect a floodplain that is bordered to the north by the Olympic Mountains and to the south by the Willapa Hills. The floodplain is generally 2.5 km wide and extends 15 km from the cities of Aberdeen and Cosmopolis to diked farmlands upstream (Fig. 1) This slough system and adjacent floodplain habitat are representative of relatively pristine oligohaline reaches of West Coast estuaries from southern Oregon to southeastern Alaska. Low neap tide salinities near the slough outlets and termini were similar, 3-5 parts per thousand.
Surface flow velocity measurements
Casual observations suggested that surface flow velocity might be correlated with slough size. This could result in size-related rates of tidal export of floating detrital insects, such as aphids and adult chironomids. In turn, salmon distribution in the sloughs could be affected, because these insects dominate the diets of juvenile salmon in sloughs (Miller and Simenstad 1997) .
Surface flow velocity was measured with a handheld Swoffer velocity meter (Swoffer Instruments, Inc., Seattle, Wash.) on ebb tides just inland of slough outlets in the center of the channels. Six to seven sloughs were sampled sequentially over the course of 1 h on 25 October 1992, 1 November 1992, and 21 May 1996. Sampling began 2 h after the onset of ebb flow. However, the 25 October 1992 sampling included an additional sampling period, which began 4 h into the ebb tide. To account for flow acceleration or deceleration owing to sinusoidal tidal velocity patterns, the first slough sampled was also sampled at the end of each hour-long sampling period. Changes in surface velocity between the start and end of each sampling period were very small, i.e., 0.01 m·s -1 , or 5% of the initial measurement. Large and small sloughs were alternated during sampling to avoid confounding possible temporal trends with the effects of slough size.
On 21 May 1996, surface velocity was measured along a 5000-m longitudinal transect of Blue Slough, the second largest slough in the system. Sampling began 3 h after the onset of ebb flow and required 1 h to complete. The first and last measurements were made at the slough outlet to account for changing tidal velocity during sampling. The change was 0.03 m·s -1 , or 8% of the initial measurement. To avoid confounding possible temporal trends with longitudinal trends, velocity measurements were made in a random sequence along the transect.
Exit time of floating detritus
Small (~0.6 cm 3 ) biodegradable drogues (colored minimarshmallows) were used to simulate the movement of or-ganic flotsam, such as spruce needles and terrestrial insects, in slough surface waters. Drogues were sorted by color and deployed at high slack tide at four locations in each slough. Two to four thousand drogues were deployed at each location. Exit time of allochthonous detritus in slough surface waters was estimated as the mean time required for drogues to move from the point of deployment to the slough outlet on the ebbing tide.
Visual observations indicated that drogue movement was affected by ebb currents, but not by wind. Drogues had similar speed and trajectories as ordinary allochthonous detritus. Recovery rates of drogues (~90% over three sequential tides) in preliminary trials indicated that fish and crow consumption was insignificant.
Organic content of bed sediments
Sediment samples were taken with a 5-cm-diameter corer to a depth of 5 cm along longitudinal transects in Blue, Kingfisher, and Hoolay sloughs, representing large, medium, and small sloughs respectively (i.e., outlet widths of 73, 21, and 4 m; Fig. 1 ). Samples were taken at low tide from mudflat habitat 0.5 m lower in elevation than the fringing intertidal marsh habitat. Samples were chilled with ice during transport to the lab, where the proportion of organic matter in the samples was estimated by combustion (Plumb 1981) .
Benthic community structure and sedimented spruce needles
Benthic organisms were sampled with a 5-cm-diameter sediment corer to a depth of 5 cm. Seven to 10 samples per slough were taken at low tide from mudflats that were 0.5 m lower in elevation than the fringing intertidal marsh. Samples were preserved in 10% buffered formaldehyde, stained with rose bengal, sieved, sorted by taxonomic family, counted, blotted, and weighed (wet weight) to the nearest 0.0001 g. Sampling occurred in September 1999 along longitudinal transects in Blue, Mox Chuck, Kingfisher, Xime, and Hoolay sloughs (Fig. 1 ). Taxa were assigned to functional feeding groups with reference to the literature (e.g., Word 1990; Sacco et al. 1994) . Spruce needles were also counted, because of their abundance in the benthic cores, as well as in the slough flotsam. I anticipated that their spatial distribution might parallel that of sediment organic content, but represent a specific allochthonous input versus the generic category of organic matter.
Analysis
Tidal prism is the traditional independent variable in studies of tidal channel hydraulic geometry because it represents channel-forming flows (Coats et al. 1995) . However, tidal flow is not truly independent of channel geometry, e.g., outlet constrictions caused by human or natural disturbance reduce tidal prism (Leopold et al. 1964; Hume 1991) . Consequently, there is no theoretical requirement to use tidal prism as an independent variable in tidal hydraulic geometry. Instead, channel outlet width may be used, because it is correlated with tidal prism and it is more easily measured.
Thus, slough size was characterized by outlet width, which was measured from 1:2400 scale orthophotos. Outlet width was ground-truthed for the smallest sloughs. Because sloughs are allometric, other measures of slough size (length, perimeter, surface area, etc.) are correlated with outlet width (Hood 2002) . However, outlet width was chosen to represent slough size, because it is easily measured in the field and from photos, it is a common parameter in hydraulic geometry, and its use facilitates a conceptual linkage between landscape allometry and traditional tidal hydraulic geometry. Sampling points within sloughs were characterized by the channel width at that location and distance from the slough outlet. Distance was measured along the slough mainstem from 1:2400 scale orthophotos. Systat 5.2.1 (Systat, Inc., Evanston, Ill.) was used for regression analysis, analysis of covariance (ANCOVA), and Tukey's honestly significant difference (HSD) post hoc tests (significance level 0.05). Variables were log-transformed to equalize variance in the residuals. The Durbin-Watson statistic and visual examination of plots of residuals against spatial order were used to test for autocorrelation. Neither approach indicated autocorrelation in any data set. When data-fitting power functions are log-transformed, the result is a straight line, i.e., log y = log a + b log x. Allometry is indicated when b ≠ 1. One-tailed t tests were used for hypothesis tests of regression slopes when there were a priori directional expectations.
Results
Ebb surface flow velocity
Surface flow velocities scaled similarly with outlet width on all dates (Fig. 2) : the larger the slough, the faster the flow. Regression slopes were homogeneous (F [3, 17] = 0.58, not significant (NS)), with a common slope of 0.45. However, regression elevations varied (F [3, 20] = 57.8, p < 0.001). Tukey's HSD indicated that the Oct 1992 measurements taken 4 h into the ebb tide (p < 0.005 vs. May 1996, p < 0.05 vs. Nov 1992). The only nonsignificant comparison was between the Nov 1992 and May 1996 dates, both sampled 2 h into the ebb tide. Both dates were neap tides with tidal ranges of 1.1 m and 1.5 m, respectively. In contrast, the October 1992 measurements were made during a spring tide with a tidal range of 4.1 m. Stepwise multiple regression ruled out measurement sequence and distance of the slough outlet from the coast (which affects tidal amplitude) as factors affecting slough surface velocities.
Surface flow velocities, measured along a 5000-m longitudinal transect in Blue Slough, declined with increasing distance from the slough outlet (Fig. 3a) . At 4000 m from the outlet, there was a large tributary to the slough. Measurements along a 500-m tributary transect demonstrated dramatically lower surface velocities than in the main channel. Surface velocities scaled with channel width, when mainstem and tributary data were grouped (r 2 = 0.87, F [1, 6] = 41.1, p < 0.001; Fig. 3b ). Multiple regression indicated that measurement sequence was not a significant predictor (t = 0.282, df = 5).
Exit-time scaling
Between-slough comparisons of exit time vs. distance from slough outlet showed no significant differences in regression slopes (F [3, 24] = 2.77; Fig. 4a ). Distance from slough outlet was a significant covariate (F [1, 27] = 229.3, p < 0.001), and there were differences in regression elevations (F [3, 27] = 78.0, p < 0.001). The only nonsignificant comparison was between Fairweather Slough and Mox Chuck. Fairweather differed from Ann's Slough at p < 0.005, whereas all other comparisons differed at p < 0.001. Additionally, there was a tendency for regression elevations to be correlated with slough size (Fig. 4b) and with the mean of the November 1992 and May 1996 ebb flow surface velocities (Fig. 4c) . In general, exit time was shorter for larger sloughs than for smaller ones.
Drogues deployed far into the sloughs had lower recovery rates than those deployed closer to slough outlets. Recovery data fit a negative exponential model (Fig. 5a ). There were no detectable statistical differences in regression slopes (F [3, 19] = 0.78) or elevations (F [3, 22] = 2.76, p < 0.07) between sloughs. However, the distance from the slough outlet at which drogues had a 50% probability of export (Dist 50 ) was correlated with slough size (Fig. 5b) .
Observation of drogue trajectories in a large slough suggests the likely fate of unrecovered drogues. Drogues were deployed at four locations in Blue Slough at high slack tide and followed during ebb tide outflux (Fig. 6) . In the first trajectory, 9000 drogues were deployed 4.7 km into the slough. There was considerable dispersion along their trajectories, but most traveled 1.5 km at a mean velocity of 0.1 m·s -1 before being stranded on the muddy banks of the slough. The second trajectory began 4.1 km into the slough with 2000 drogues. They traveled 2.7 km at a mean velocity of 0.30 m·s -1 before stranding. Once again there was considerable dispersion of the drogues along this trajectory with many becoming stranded earlier in the trajectory. The third trajectory began 2.5 km into the slough with 1600 drogues. These traveled 2.5 km at a mean velocity of 0.51 m·s -1 . Most of these drogues escaped the slough; however, there was some dispersion along this trajectory and a few drogues were stranded on the banks. The final trajectory began 1.25 km into the slough with 1100 drogues. Virtually all of these drogues escaped the slough, traveling at a mean velocity of 0.66 m·s -1 . Two patterns are apparent in these observations: drogues deployed further into the slough had slower mean velocities to their final destinations and were less likely to escape the slough before the tide reversed. These patterns are consistent with the preceding observations on surface flow velocity and drogue recovery rates. These patterns also suggest that allochthonous detrital inputs are more likely to be retained in small sloughs and in the smaller and more distal portions of large sloughs, where they will either be consumed or accumulate in the sediments. To test these predictions, sediment organic content and benthic communities were sampled on longitudinal slough transects.
Organic content of bed sediments
The percentage of organic matter in slough bed sediments increased exponentially with distance from the slough outlet, the smaller the slough, the greater the increase (Fig. 7a) . Within Blue Slough, there was a sharp increase in the organic matter content of a tributary's sediments relative to the mainstem sediments. This sharp increase mirrors the pattern of ebb surface flow velocity, which is apparent when sediment organic content is compared with the inverse of velocity ("slowness") (Fig. 7a) .
The percentage of organic material in slough sediments declined as channel width increased, and each slough comprised a relatively distinct set of points (Fig. 7b) . Regression slopes were significantly different (F [2, 22] = 4.21, p < 0.05), and a post hoc test indicated that Blue Slough differed from Hoolay Slough (p < 0.05). In general, the smaller the slough, the more pronounced was the decrease in sediment organic content with increasing channel width. Additionally, for a given channel width, the sediment organic content was greater in a longer slough than in a shorter one.
Sedimented spruce needles
As channel width increased, needle density in channel sediments decreased allometrically (ANCOVA: F [1, 33] = 10.76, p < 0.005; Fig. 8a ). Regression slopes were homogeneous for the sloughs (F [4, 29] = 1.20, NS) with a common slope of -2.66, whereas regression elevations were heterogeneous (F [4, 33] = 2.84, p < 0.05), with significant differences for Blue (the largest slough) vs. Kingfisher (p < 0.05), Xime (p < 0.05), and Hoolay (the smallest slough, p < 0.05) sloughs. Adjusted means were allometrically correlated with slough size (r 2 = 0.97, t = 9.2, p < 0.005; Fig. 8b ), the larger the slough, the higher the abundance of spruce needles at a given channel segment width.
Except for Blue Slough, which did not have a significant regression slope (F [1, 4] = 1.82), spruce needle density in slough sediments generally increased with distance from the slough outlet (ANCOVA: F [1, 28] = 25.4, p < 0.001; Fig. 8c ). Regression slopes were homogeneous for the other four sloughs (F [3, 25] = 2.82, NS) with a common slope of 0.94, whereas regression elevations were heterogeneous (F [3, 28] = 8.75, p < 0.001), with significant differences for Mox Chuck vs. Xime (p < 0.001) and vs. Hoolay (p < 0.001) sloughs and for Kingfisher vs. Xime (p < 0.05) and vs. Hoolay (p < 0.01) sloughs. In general, the smaller the slough, the higher the abundance of spruce needles at a given distance from the slough outlet.
Benthic community structure
The slough benthos was dominated numerically by nematodes (63.6% of all organisms), oligochaetes (9.6%), Coullana canadensis Willey (Copepoda-Harpacticoida, 8.7%), and ostracods (8.7%). In terms of biomass, the dominant groups were nereid polychaetes (46.8%), Hobsonia florida Hartman (Polychaeta, 23.5%), Corophium salmonis Stimpson (Amphipoda, 8.8%), oligochaetes (7.5%), and nematodes (5.5%). The gravimetrically dominant feeding groups were predators (47.5%; mostly nereids, occasionally ceratopogonid and empidid larvae (Insecta, Diptera)), surface deposit feeders (35.4%; primarily H. florida, and C. salmonis, but also Ostracoda, Manayunkia aestuarina Bourne (Polychaeta), harpacticoid copepods and chironomid larvae (Diptera)), and buried deposit feeders (12.9%; nematodes and oligochaetes).
All individual taxa and feeding groups were analyzed, but there were significant relationships between slough channel width and biomass for only one category, surface deposit feeders (Fig. 9a) . Surface deposit feeder biomass decreased allometrically as channel width increased (ANCOVA: F [1, 39] = 14.63, p < 0.001). Slopes were homogeneous with a common estimate of -2.32 (F [4, 35] = 0.40, NS). Elevations were heterogeneous (F [4, 39] = 4.55, p < 0.005), with significant differences for Blue Slough vs. Kingfisher (p < 0.005), Xime (p < 0.01), and Hoolay (p < 0.01) sloughs and for Mox Chuck vs. Kingfisher (p < 0.005), Xime (p < 0.05), and Hoolay (p < 0.05) sloughs. Regression elevations were allometrically correlated with slough size (r 2 = 0.92, t = 6.0, p < 0.01; Fig. 9b) ; at similar channel segment widths, surface deposit feeder biomass was higher in larger sloughs compared with smaller sloughs.
Surface deposit feeder biomass increased with increasing distance from the slough outlet (ANCOVA: F [1, 39] = 45.7, p < 0.001; Fig. 9c ), paralleling the results for spruce needles. Regression slopes were homogeneous (F [4, 35] = 1.63), and the common slope was 0.86. However, regression elevations were heterogeneous (F [4, 39] = 7.26, p < 0.001). Hoolay Slough differed from Blue, Mox Chuck, and Kingfisher sloughs (p < 0.001), as well as from Xime Slough (p < 0.05). Additionally, Xime Slough differed from Kingfisher Slough (p < 0.05). At a given distance from the slough outlet, surface deposit feeder biomass was generally higher in small sloughs compared with larger ones.
Discussion
Two fundamental patterns emerged from measurements of ebb tide surface flow velocity: (i) surface flow velocity increased with slough size (between-slough comparisons at slough outlets) and (ii) surface flow velocity decreased further into the slough (within-slough longitudinal comparisons). In both cases, velocity declined considerably as channel depth and width declined. This allometric scaling between ebb surface velocity and channel form was the likely underlying foundation for the scaling of drogue exit time, sediment organic material, and surface deposit feeder biomass with slough size. amount of intertidal vegetation that can detain detritus and drogues (Hood 2002 ) and the number and size of eddies caused by large woody debris (Montgomery et al. 1995) .
Drogue exit time varied between dates. However, betweenslough differences were greater than between-date differences within sloughs. This suggests that slough size and correlated factors are the dominant influences on exit time. Drogue recovery, or export probability, decreased exponentially with distance from slough outlet. Although ANCOVA did not detect significant differences in recovery rates between sloughs, regression of Dist 50 on slough outlet width indicated that Dist 50 increased with slough size. These contrasting results suggest that the ANCOVA had insufficient power to detect differences. The regression results suggest that small sloughs retained drogues more efficiently than did large sloughs, probably for the same reasons that exit time was related to slough size, i.e., scaling of surface flow velocity, area of intertidal vegetation, and large woody debris.
The drogue recovery patterns indicate that allochthonous detritus was less likely to be exported from small sloughs than from large sloughs and less likely to be exported from the more distal and narrow portions of sloughs. Retained detritus is eventually deposited in the bed sediments, and indeed, small sloughs and the distal portions of large sloughs had relatively high sediment organic content. Additionally, floodtide inputs are funneled into narrowing channels, thereby concentrating floating detritus in the more distal portions of sloughs. Zeff (1988) also found a trend of increasing sediment organic content with decreasing channel size for tidal channels in New Jersey. However, she attributed this trend to greater biological productivity and lower oxidation in the muddy sediments of small channels versus lower productivity and higher oxidation in the sandy sediments of large channels. However, in the Chehalis sloughs, the sediments exposed by low tides consist only of soft mud, regardless of channel size. This is true even of the lower Chehalis River, itself. Thus, Zeff's explanation does not pertain to the Chehalis system.
Patterns in spruce needle and surface deposit feeder abundance in the slough sediments paralleled those of sediment organic content. Needle density and surface deposit feeder biomass were higher in the more distal and narrow slough reaches. They were also higher in smaller vs. larger sloughs at a given distance from the slough outlets. Spruce needle density and surface deposit feeder biomass scaled similarly with channel width within sloughs (allometric slopes of -2.66 and -2.32, respectively). Between-slough comparisons show that mean needle density and surface deposit feeder biomass, adjusted for channel width, scale similarly with slough size (allometric slopes of 2.2 and 2.1, respectively). This parallel scaling likely results because spruce needles assay a general pattern of detritus sedimentation, and surface deposit feeder distribution reflects this detrital food abundance. Longitudinal variation in surface deposit feeder biomass was not a consequence of salinity variation, because there was no longitudinal pattern in salinity within the sloughs. Surface deposit feeders were the only benthic invertebrate feeding group exhibiting these patterns, probably because they are most directly affected by detritus sedimentation. Benthic predator density did not covary with potential prey density, i.e., surface deposit feeders, probably because there are many highly mobile pelagic predators such as Crangonid shrimp and fish that may compete with or prey on benthic predators.
Synthesis
Hydraulic geometry links channel geometry, discharge (or tidal prism), and flow velocity through a series of power functions. In this paper, I suggest that the purely physical concept of hydraulic geometry can be extended into the ecological realm and that the linked geomorphic and ecological scaling patterns can be viewed from the perspective of landscape-scale allometry. Slough ebb surface flow velocity, drogue exit time and export probability, sediment organic content, density of sedimented spruce needles, and surface deposit feeder biomass showed consistently similar patterns related to slough size, as well as consistently similar longitudinal patterns within sloughs. These coincident patterns accord with a likely chain of cause and effect. Allometric slough form (Hood 2002 ) results in scaling of ebb surface flow velocity, which contributes to scaling of the exit time and export probability of floating detritus (e.g., spruce needles and terrestrial insects). This leads to scaling of detrital sedimentation rates and thus to scaling of sediment organic content, spruce needle density in the sediments, and benthic surface deposit feeder density. These scaling patterns have potential implications for fish in the sloughs. Sticklebacks (Gasterosteus aculeatus L), which are very abundant in the sloughs, and juvenile coho and chinook salmon feed extensively on terrestrial insects, especially aphids, that fall into the slough surface waters Miller and Simenstad 1997; personal observations) . The scaling of flotsam exit time and export probability with slough size suggests that prey resources for surface-feeding fish will be more abundant in smaller sloughs and in more distal and narrow slough reaches, which suggests that such fish would have greater success foraging in these areas. Similarly, epibenthic prey of juvenile salmon, sticklebacks, and peamouth (Mylocheilus caurinus Richardson, also very abundant) consist mostly of chironomid larvae and C. salmonis, which are surface deposit feeders. Hence, epibenthic-feeding fish may also have greater feeding success in smaller sloughs and in more distal, small slough reaches. Finally, small distal slough reaches could be optimal feeding areas where energy expenditure to maintain position is minimized because of lower current velocities, whereas energy gain is maximized because of high prey concentrations.
The effect of predation on fish distribution in sloughs is less clear. In shallow waters, small fish are vulnerable to great blue herons. However, in deeper waters, potential predators include large fish, kingfishers, mergansers, osprey, and river otters. Biotic interactions such as predation may obscure the influences of slough geometry on fish distribution. Nevertheless, longitudinal patterns of fish use of two estuarine sloughs in the Fraser River delta (British Columbia) (Levy et al. 1979; Northcote 1981, 1982) support the hypothesis that fish distributions in sloughs may scale with slough size. Stickleback density increased with distance from slough outlet, in agreement with landscape-allometric predictions. Juvenile chinook, chum, and pink salmon (O. gorbuscha Walbaum) had bimodal distributions with one density peak near the outlet and then a longitudinal increase in density with distance from the outlet. Similarly, mummichog (Fundulus heteroclitus) densities increase with distance into tidal creeks in New England marshes (Halpin 1997) .
From the perspective of habitat protection or restoration, these results suggest that bigger is not necessarily better. Small sloughs and the smaller reaches of large sloughs may be relatively important rearing habitats for management targets like juvenile salmon and for ecosystem functions like secondary production. Diking of intertidal marshes has cut off many of these smaller channels from the estuary with consequences for fish that are likely to be disproportionate to the size of the channels (Simenstad et al. 2000) .
Theoretical implications
Landscape allometry proposes that landform geometry and related abiotic factors are important in determining ecological patterns and processes. Fractal models of landscape form (e.g., Church and Mark 1980; Mandelbrot 1983; RodriguezIturbe and Rinaldo 1997) imply that landscape forms can be viewed as systems of related rates (e.g., Woldenberg 1966; Bull 1975 ). Thus, rather than focus on fractal dimension, per se, landscape allometry focuses on related rates of change between various geomorphic features of the landscape and corresponding related rates of change between various biological patterns and processes associated with those features. Consequently, the terminology of allometry has been used to reflect this focus, even though allometry and fractal geometry are similar phenomena (Mandelbrot 1983) .
Landscape allometry in tidal channels (i.e., linked scaling of geomorphology and ecology) is only one example of what is likely a general phenomenon in aquatic systems. Various aspects of lake productivity scale with a wide variety of lake morphometric parameters and indices, including lake surface area, depth, drainage area, lake volume, epilimnion volume, etc. (reviewed in Hood 2000) . Similarly, the structure and function of river ecosystems have been linked to stream size and correlates of stream size, e.g., stream order, mean channel width, mean depth, meander length, drainage area, and floodplain area (Hood 2000) . Landscape allometry may ultimately prove to be as useful a conceptual model for linking landscape form to ecosystem structure and process as is organismal allometry for linking body size to physiology and ecophysiology.
